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E. A. Pashitskiy, Yu. A. Romanov

ABSTRACT. It is shown that a specific mechanism of coupling
degenerate conductance electrons, the result of wvirtual
acoustic plasmon exchange, occurs in quantizing semicon-
ductor (semimetal) films and layered structures with a
reasonably high mobility of free carriers. As a result,

the critical temperature of the superconductive transition
in such systems can be noticeably higher than in massive
specimens.

Introduction [1594*

Today, thanks to the progress that has been made in microelectronics,
as well as in a number of applied fields of experimental physics, a great deal
of attention is being devoted to research on the physical properties of super-
thin metal and semiconductor films, and in particular to the study of the size

effects of gquantization in films (see the summaries in [1, 2]).

Of particular interest is the phenomenon of a rise in the critical tempera-
ture of a superconducting junction, Tc’ in thin films [3-7] and in multilayered
structures consisting of alternating metal and dielectric layers [8], as well
as the occurrence of superconductivity in the films of certain semimetals
(bismuth, for example).. The cause of this phenomenon can be the natural inten-
sification of phonon superconductivity attributable to the existence of a new
crystallographic phase in the film state [6], or to the strengthening of the role
of the surface (Rayleigh) phonons localized near the film boundaries, and in
flaws [7], as well as to the manifestation of various non-phonon mechanisms
of superconductivity associated, in particular, with the polarization excitation
of atoms (that is, with the virtual excitons) in dielectric coatings (oxides)
on the surface of the film [5, 9-11].

Reference [12] contains the suggestion that it is possible for Tc to
. rise in layered semiconductor structures (of the Usandwich" type) because of the

interaction between the conductance electrons in a thin (quantizing) film,

*Numbers in the margin indicate pagination in the foreign text.



and the surface plasma oscillations relative to 'heavy'" carriers (holes) at
the interfaces of the layers-heterojunctions.l Reference [15] proposed the
use of granulated (dispersed) metal films as the active coating for the "sand-
wich'" in order to <dincrease the two-dimensional superconductivity. These films
are characterized by abnormally high polarizability, and by the broad spectrum

of the collective dipole oscillations of the electrons in the granules [16].

On the other hand, as reference [17].has pointed out, the quantization of
the transverse motion of the electrons in semiconductor and semimetal films,
when carrier mobilityvis high enough, results in the appearance of slowly
decaying branches of quasi-neutral plasma oscillations with an acoustic disper-
sion law, attributable to the presence of several groups of electrons with dif-
ferent limit (Fermi) velocities. .This is why, according to reference [18], /
1595

an additional (with respect to the phonon) mechanism for pairing electrons as

a result of the virtual acoustic plasmon exchange can appear in quantizing films.

However, references [15, 18] did not take the delay in the '"electron-—
plasmon' interaction into consideration because a review had been made in
-an adiabatic approximatidn by the Bardeen, Cooper, Schrieffer-Bogolyubov method
[19, 20]. (Moreover, reference [18] did not take the Coulomb repulsion of

electrons into consideration).

This paper utilizes‘the more sequential method of Green's temperature func—,
tions [21, 22] because on the one hand doing so makes it possible.to give
- proper consideration to the collective (dynamic) effects of delay and Coulomb
interaction, and, on the other, to obtain directly an explicit (albeit approxi-
mate) expression fbr_the critical temperature of a superconducting junction

in quasi~two-dimensional layered structures.

1. We should note that [13] also pointed out the positive role of the
surface plasmons in the formation of bound electron pairs, and that collective
surface oscillations of free carriers in a p-n junction were reviewed in [14].°

2. Reference f18] also considered acoustic plasma waves in quantiiing
filaments and discussed the possibility of intensifying the one-dimensional
superconductivity in such systems. ‘



l. Acoustic and surface plasma waves.

Let. us consider the collective oscillations of a degenerated electron
plasma3 in a thin (quantizing) semiconductor, or semimetal film, of thickness
d, bounded on both sides by a homogeneous medium with permittivity eo(q,w).

The dispersion equation for the oscillations in such system is in the form

(17, 231 1

2 q .
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in which
m"(mL) is the longitudinal (transverse) effective mass of the conductance
electron; )

n =vil, 2,000, £(€) is a Fermi fundtion;

a, = qig)i 2vi/d for symmetrical (tangential) oscillations;
qQ, = qia) = (2v + 1)1/d for antisymmetrical (normal) oscillations;

V=0, 1, 2500006, is the permittivity of the crystal lattice (ei:w const.)

We should point out that when the spatial dispersion in the transverse
direction (with respect to the plane of the film) is ignored, Eg. (1.1) will

be in the following forms when € does not depend on a,

2@ o)Lt e@e)=0 (1.1a)

in the case of symmetrical oscillations and /1596
o L a0 (1.1b)
e(q,co)cth—z-_-{-eo(q,(o)—O . 1.1b

3. This can just as well be the hole plasma of p-type semiconductors
(semimetals). -



in the case of antisymmetrical oscillations (compare with [12]). Henceforth,
for simplicity's sake, we shall limit ourselves to consideration of symmetrical

oscillations (see section 2, below).

If we consider the conditions’

-

@l oK, 0 —8,® (1.3)

as having been satisfied, and 1f we erp all summands in Eq. (1.1) with v £ 0,

we will obtain the following dispersion equation for these oscillations

- (1.4)
s(q,O,a»=;._.£E%§?f&_,

where 4 [
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Here N is the number of filled two-dimensional subzones (in the momentum space),
found for specified concentrations of electrons, n_, and film thickness, d,

using the relationship

N(N—l)(4N+1) <nod3< N(N+1)(4N+ 5), (1.6)

where

=‘ﬁ?/m“e2 is the effectivev(longitudinal) Bohr radius of the cenductance

electron;

kn =yfk§—~(nn/d) is the boundary wave vector;

o= hkh/m“ is the cutoff velocity for the electrons in the n¥® subzone.

In this case, the Fermi vector, ka can be found through the expression

kf,=.@ﬁ<>_d_+(%>2(N+l)(2N+l). (1.7)

- N 6

L., The "Umklapp" processes, that is, the virtual electron tran51tlons
between different subzones, were not considered (see [17]). '



a. Acoustic plasma waves. Let us consider the permittivity of an external

medium with a constant (¢, = const).

And let us assume as well that onlytho subzones (N = 2) in the film are
filled. For example, this condition will be satisfied in the case of a film
of thickness d = 2‘10-6cm when the electron concentration in the interval is

5.9‘1017 cm-3 < ng < 2,55 lO18 -3.

-If, in addition to the conditions set forth in Eq. (l 3), the inequality5 /1597

SR >>k (“‘"‘xﬁk} L
) . ' \ (1.8)
I ST SN

‘in which s = w/q, is satisfied, Eq. (1.4) will reduce to the condition that
¢(q,0,w) = 0, and, in accordance with Eq. (1.5), will take the form

= Y

g '
s |

. 2 2 . . s . . .
Taking v >s , for reasons of simplicity, we obtain the following expression

for flndlng the frequency of the os0111at10ns, uh

;0 4 ¢ ., 2
w2 == g2l | — q —_—f == 1], B = =K . .
s _% qvl 9 A ™ 94m ~ 3 2 (1.10)
When q = g , the spectrum of the oscillations merges with the continuous
lim

spectrum of single-particle electron excitations. The corresponding limit fre-

quency is equal to

4
w_, = S.q v, = =k Ve (1.11)

5. We should point out that the second inequality in Eq.(1.8) permits us
to ignore surface waves on film boundaries. On the other hand, the last inequa-
lity provides quasineutrality of the volume plasma.oscillations, and, when
e, > 1, can prove to be stronger than the condition qd < 1 in Eq.(1.3).



When hé.q-lim the oscillations can be characterized by an acoustic dispersion
law with phase velocity s =2v2/y5:

It should be pointed out that the oscillations considered for the most
part are associated with disturbances of electron density in the second sub-
zone with a lower cutoff velocity(vQ < vi),-and that the role of the electrons

in the first subzone reduces to gompensating for the space charge, and to reso-
nance absorption of the osc¢illations.

b. Surface waves. Let us consider the dispersion of the external medium

in terms of time and space. If the medium is a metal (semimetal), or is a
degenerated semiconductor with a sufficiently high concentration, and with high

mobility of the free carriers, the permittivity, € o(q,w), can be given in the

form L o
g, (q, 0) == 2 o
, 80(1-;--;]{—),' o & g, (1.12p)
where /1598
Qo = ('ée'l're'?‘l\ifo/e:Omo)}é is the plasma (Langmuir) frequency;
v_is the Fermi velocity;
1)
-1 ¢ 2. \% . s . e
X, = (e ,€o/6me"Ng )" is the effective radius of the shielding;
€, is the Fermi energy;
No is the concentration;
mo is the effective mass of the carrier.
. However, in accordarice with Eq. (1.5), we have the following for a quan-
tizing film e ' %2\ -
. | 8i(l+’_qi2—‘)' m<<qvn’ .. (1.138.)
i a(q,O,m)z ' ) :
sz( -»——qr)’ 02 qU, - (1.13b)

6. Here it is assumed that the damping of the oscillations associated with
the finite mobility of the electrons is slight (wlimT > 1).

[}



where

N i
B i i Y =ad Zvﬁ (1.14)

(and in particular, when N = 1, the frequency'Qi =:V@ﬂe2no/€im“).

Substituting Egs. (1.12) and (1.13) in Eq. (1.4), the equation of dis-
persion, we obtain the following expression for the frequency of the surface

plasma waves in a three-layered "sandwich" type system

e, gd w2\ 12 1.15a)
Qa{l‘{‘s—“%—(l"f‘—‘]—;‘)} v guy K Ry L g ( 2
L . 0 .
e e 2 w2\ -2
qu%ﬂ,[l—r;}g(w—qﬁ"—n . P& (1.15Db)
5 FePgd
‘/-—Q%O_‘FW, qvmqvo<<90 (1.15¢c)
0 i

\

(there are no oscillations in the frequency range w~ Qg < QO,qvo).

When the external medium is a dielectric, or an intrinsic semiconductor,

in which case all (or almost all) the electrons are strongly bound, ¢ (w) will

be in the form

80_(0>)=8oi1+33t°f%35]" ! (1.16)

where

W,

o is the natural frequenéy of the electron junction between levels;

f is the corresponding "oscillator force";

o
(for reasons of simplicity a two-level system without damping is considered).

Now the frequency of the surface oscillations will equal
Q, =Vl + . (1.17)

where {?q can be found by using Eq. (1.15a), or (1.15c). The collective exci-

tations with frequency Qq can be called the "surface excitons'.

2. The Superconductivity mechanism

We shall, in this section, take up the specific nonphonon mechanism of the



superconductivity of quantizing semiconductor (semimetal) films and layered
structures of the '"sandwich" type, occurring as a result of the interaction
of electrons with the acoustic 'and surface plasma waves7 already considered

in the foregoing, as well as with surface excitons (see [10, 11]). /1599

a. The slit equation. Let us proceed from Gor'kov's [25] equation for "slit" -

A(r, e’y in a heterogeneous superconductor with finite temperatures (T £ O).
_Sélecting the direction of the X axis perpendicular to the plane of the film,
and passing to a Fourier presentation with respect to the longitudinal (homo-
geneous) Y and Z coordinates for temperature T ~* Ts; with accuracy to first

order terms with respect to & , we obtain the following "slit'" equation
(compare [25, 26])

A (q) (l)ly X, x) =-—¢ T \ j\ (‘; I“)Z \S‘ S‘dx’”@o (___k’__. (Dm; xm,x) X

X A (k.'mm; XX &, (lc, Oy X XV O (g —k, 0 — @ps X, 7). (2.1)
where P : ) .
Qﬁd is Green's temperature function for free (unpaired) conductance elec-
trons, dependent on odd "frequencies" w = (2m + 1)nT(m = 0, 1, #2,e04);
0 is the Green function of a longitudinal electromagnetic field in a

three-layered system, obtained by one of the authors of reference
[271, which, inside the film (that is, when 0 < x, x' < d) has the form
- (0)1 = ZlﬂT);

9(q, 05 £, x)= 4::{ b(a o5 % X)— .

2a(q, oy x)- b(q, o;; 0, x%) } .
(2.2)

- 2a(q, 04 0) + [ge, (o)
where o l
T S
a(qtmhx)‘"'B—g(qg_l_qg)s'(q’qv,iml) ’ ‘ (203)
e"™* -cosq x | '
\ 2.4k
b(ql O)b x! x’)_— d Z(q2+qu(q’ v’ to)l) ( )

7. This mechanism is similar to the "plasma' mechanism of superconduc-
tivity studied in [24].



o

We should point out that Eq.(2.2) was obtained without taking the spatial disper-

sion of the external medium into consideration.

Assuming that the electrons are distributed uniforﬁly through the section of

the film8 such that olk, TIREIE ) _430(k LR ), and introducing the Green func-
’ igy (x-x')

tion{)(q,wt;x,x') = Efégv(q,wt)e , averaged with respect to £ilm thickness
(but ignoring the heterogeneity of the field of oscillation, and considering only
symmetrical waves with even q, = 2vi/d), we obtain the equation for the slit in

the longitudinal spectrum of the electrons in the n® subzone as follows in a Fourier

presentation with respect to the relatlve coordlnate (x - x') /1600
A "“““TZZL O A=k —03) X
m n'e=l : )
. - - : 2,
& . (—k —0,) Ak o,) 8, ko, : (2.5
where e e —
£, (9. 0) = i —— X (2.6)
VI P g)) e, g, i0) ,
w1 e
g’ -J-qv)s(q q,,,tm,)IQa(q.m,,O)-f-(qso(tw,) T ¥
1
®°l< —————————' k k% — k2
Bo)=rrm  BH=g R
S (2.7)

As we see, when d ** ® in the fuﬁctionjbv(q,wt) is converted into the longitudinal
compone§t,iboo(q,wt) of the Green function of an electromagnetic field in a homo-
geneous medium [22]. In a bounded (heterogeneous) mediumégv(q,wt) can be described
as volume, as well as longitudinal surface oscillations (the latter correspond

to the second term in brackets in Eq. (2.6).

When the "Umklapp'" processes between subzones can be ignored, and when only '
_terms with v = O are retained in Egs. (2.3), (2.4), and (2.6) (see the Eq.(1.3)
condition), Eq. (2.5) degenerates into a system of N independent equations for

the "slit" in each of the subzones

Akon) (2.8
(q’(‘)l)—_""—TZ‘Y(Q )zg(q kml (’)m) _an_—-(}-_gg—(l%)—" (2 )

8. The thickness of the transition region (heterojunction) is considered
to be infinitely small compared with d, and with the depth of penetration of the
surface waves (approximation of a sharp boundary), and is valid for materials
with near workings of the output (see [12]). '



where : 2@ (qQ, @) = i
R e e R N (2.9)

Readily seen is the fact that upon transition to the real frequency, w, the Green
functiongDo (q,wt), has a pole on the natural branches of the oscillations satis-
fying Eq.(l.4), the dispersion equation; that is, at the frequencies of the acous-
tic and surface plasma oscillations (see Egs.(1.10), (1.15), and.(l.l7)). But
since, in accordance with Eq.(2.8), the principle role in the processes of two-
dimensional "pairing'" of conductance electrons in the nt subzone is that of the
transmitted pulses,‘h q-k«v‘ﬁkn, the contribution of ‘the virtual acoustic plasmons
existing in the boundary regions. of wave numbers q < qlimskn and frequencies

lim

w< w ., (see Egs. (1.10), (1.11)), to the total interelectron interaction is
relatively small.9 .

At the same time, the interaction of the electrons with the surface plas-
mons {(excitons) in layered structures of the "sandwich'" type can be very much

more substantial when conditions are right.

>

b. Thin films. Let us consider the case of extremely thin films with low

permittivity such that e, > ¢, gii--(qd,S.,l). Then, given the condition that the<:
o i 2

carriers in the external medium (that is, in the "faces") are free (see Eq. /1601
1.12)), Eq.(2.9) will be in the following form in the range of "frequencies''
u)>'i’1qv -" D( 0)) .AQm’m»_ ' ’ .

o {0 O ag, (“)2'!‘71, Ql) : (2.10)

Substituting Eq. (2. 10) in Eq (2 8), and 1ntegrat1ng with respect to angle

© between vectors q and k in the plane of the film, and aware of

o (2.11)

0. - -~ 2 “_‘ 40
. §'lq-—k{ - '§17 2chos®
.0 : . _”0 L

-

.;\
/“\
?w
\____/

9. The numerical estimates for slit A, obtained in [18] without taking
the Coulomb repulsion in the q > qlim region into consideration is greatly in-

flated. Nevertheless, the quasi-neutral acoustic waves in quantizing films
have an indirect (through fluctuations influence on the magnitude of the crltl-
cal temperature of the superconducting junction (see below).

10



where
K(p) is a complete elliptic integral of the first type (p < 1), and then
passing from the variables gq, k, to the relative energy & E-gn(q),gign(k) we

obtain
v . __.' ‘ },Ln 5 ((li]f—'ﬁ)m)Z - R
 AGei=—a 1/p,. 5 ! Lo —a e X
Ao, 0m)
n ————————d’,
SQ %) o+ & E (2.12)
where

e _2p(/E=E) oy
an—goﬁvn.,- l-‘n—"é‘,‘;sz Qn(g,g’)*—'{?K(E/‘m) (2.‘13)

1 4
. - - - . . . - rd

Since 4 (§ ) ), in concordance with Eg.(2.12), is a slowly changlng fun@tlon of
energy §, and core Q (€,£7) has a peaked maximum when &= _O for slit A (w )=
4 (O w ) at the boundary of .the Fermi ni subzone, we obtaln a 1ess complex equa-

A, (wm> (@ — 0 5’
A (0.)1)——-—-‘CZT 2 l*—COm) +ﬁ292 \S\Q“( §,) mm’l‘g v (2.14)

i

tlon

Let us make a qualitative amalysis of Eq.(2.14), a linear integral equation,
and let us find its approximate solution. As follows from the form in which Eq.
(2.14) is written the function An(wl) should be an alternating one, and, at the same
time, when | = ® its asymptotic value is An(l » o= mA: < 0, ahd when 1=0, the slit
An(t =0) = Az can, in principle, be positive. In accordance with Eq.(2.1%4),
the characteristic scale of the change in?An(wt) is the energy’%Qo, so the "dis-
persion in #he slit, An(wt)’ that is, its dependence on the discrete '"frequency!

W, , can be approximated by the.following trial function (compare with [28])

e
N AT g - (2.15)

Substituting Eq. (2.15) in Eq. (2.14), and for simplicity, replacing the /1602

. 10. The elliptic,integral K(p), as is known, has the logarithmic charac-
teristic K(p) ~ ln:'m whc?n p i T.If'

11



elliptic integral K(p) with its minimum value T/2 when p = O (that is, when

' ‘
£ = l.Ln) » we obtain the approximate family

. T
' ’ w®*? dt
_— = A0 ~ .. A0 7 . m
m 0 :
‘ (2.16)
[ e
+ An nT L (‘)31 4‘ ﬁ2g2 S‘m’%‘ _*- §2
[m{n|>lx9
Aol o) m— A= — M T D) S -+ |
leml<ngy§ o+ (2.17)
4 Ao, T 5
Z el
10,1>02, o

Ignoring terms of the order ‘wm '< 'hQ .in the w /hzﬂ region, and replac:.ng
the sum of the m integral by w in the lw }>'k\'2 region, we can reduce Egs.(2.16)
and (2.17) to the form (T = ’Lc) R

: Ba i
Ag:A? az j‘[l———ﬁ—arctg £ }% (2.18)
¢
. Ep z :
— 0 an d '
AT = Ay -5 - ‘gthzﬁirfg—f—
1]
Yq - .
0 2 %2, ] d&
— (8t A 1 ——-arctg == (2.19)

» ' [1]

The condition for the solvability (self-consistency) ‘of Egs. (2.18) and
(2.19) has the form

@ In(@yp/aT ) —A
et -

] ==

T (2.20)

where
in¥ = C.= 0,577« - . is Euler constant,

and the magnitude An . can be found.by using the expression

12



Ha - a 2 #Q
Ra o fln LR BT e > 30
# 20 n 04
A,.E~H1—--f-arctg———"§° ]__zg ~ 2__.ﬂ o T Mg _
. 0 .. oo pn N p’ll<ﬁQ°- . (2.21)

o KRQ,

The result is the obtaining of the following exponential formulal].' for the [_1603

critical temperature of the superconducting junction for a two-dimensional

electron gas in the n¥ subzone

TO=1,4EWexp {1/},

(2.22)
where
| EmL;{ﬁQm Ma > %9, k ‘
o Ha» 'th> Bas (2.23)
. ' 2 ' !J'Il [ E_ﬁgﬂ ‘
; 'an(ln ﬁQDT T ou, ’ Q"
" a B 5 7% [ % A%y T
| 4[1+—i(1n I 0)(1+—”———°)J -
0, =] 2 i nop, TP, (2.24)
%p Uy
e, %9
-—2_"- oLy By B o, Ha » '}iQo>!Ln' .
e (s

The dimensionless parameter "electron-plasmon'" interaction, gn, decreases

monotonically with.increase in Bn =+ﬂo/um, and the preexponential factor E®

increases in proportion -to Bn(up to Bn =

depend on B n

that T;“) as

2:1: 1+ i"
1,14p,-exp |— :

i
!

Tc('gzax =

-

1) in the 'th”K W, region, and does not
in the ‘hﬂo > W regian (that is, when Bn > 1),.s0 it is easily shown

a function of Bn reaches a maximum when Bn ~ 1, that is equal.to

(2.25)

a;
5 .

.. e

But since ¢

!
i
'

)

t

= . : . . L2 T, : .
—T%‘%k; '~\/71 un, that is, un ~ 1/O!n, the eritical temperature, in-
o 1)

11.

When there are no "Umklapp' processes the individual subzones can be

considered as independent "parallel-connected'" two-dimensional superconductors
with their own critical temperature, T‘®/{.f The critical temperature for the super-

' conductin% g‘unction of a film in this Gase can be established as the largest of
n

all the T ?) values (this usually is T((:l)v for the first subzone).

13



accordance with Eq. (2.25) is maximum when a;:w m

(n) -3 e ™
L max max 8,55°10 5 0,23 (ev), (2.26)
e 0% €2me
where
me is the free electron mass.
Thus, we obtain the approximate estimate T( n) 'Vlo °K, for the parameters
max max

W AW, and € =~ 5 (at the same time that ei‘$_eo), for example. The condition

i

ah;u T is, at the same time, determined by the optimum film thickness, d*, for a

, and the condition B_ 1, that is, ) ~ b

imposes limitations on the selection of the parameters for the external medium

specified electron concentration, nj

{("faces') in the "sandwich'. Spe01flca11y, if three subzones in the fllm are
filled (N = 33, kl ————( d3 + -—-ﬂ) in the first.subzoné, and the condltlon
. 3d
& = ! = T links d* with the concentration n_, as follows /1604
1 €oklan Sbe (o Whping

*32
t%(dﬂ3==_§%£%%§__— ;? - (2.27)
At the same time, the condition of filliﬁg three subzones %;-ﬂ <'noéd*)3 < 17
(see Eqg.(1.6)) results in a limifation on the permissible values of d*-
| n‘-’aoau V2673 < d* < nle 0y V47/3 (2.28)

which, for the above-selected parameters, corresponds to the region of film thick-

19cm_3).

nesses d s 10-6cm (at the same time n,~ (2 - 5)-10 Finally, the condition

2 : . .
'*ﬂosw ul E‘h ki/Zm", when m, ~ mg, is determined by the optimum concentration of
‘ 18 -3
cm )o

carriers in the "faces"(stw 10 Thus, in order to obtain the maximum
critical temperature‘for a superconducting junction in layered structures of the
"sandwich!'" type, a whole series of mutually interrelated conditions must be satis-
fied, and this makes a problem such as fhis extremely complicated from the exper-
imental standpoint.

- Similar consideration can be given to the case of bound electrons in the
"faces'", the so-called "exciton' mechanism of superconductivity [10, 11]. Now,

in place of Eq. (2.1k) we use the same assumptions to obtain (see Eq. (1.16))

0 —o 0 Re
A (“")‘“"'“"TE Belon) o ey T g,

EI
m% g

SQn 08) -

14



As the calculations show, in this case the magnitude TC proves to be much
lower than in the case of the free carriers in the"’faces", because the interac-
tion in the static 1imitiwt - wm1= 0 has the characteristics of repulsion. How-
ever, in the case of an inverse population in the levels of bound electrons,
when f_ < 0, and the condition is if o ‘R o+ the sign of .the static interaction
~will reverse (attractlon) and relatively high critical temperatures can be ob-

ta1ned13, at least in prlnClple.

ce "Thick" films. Now let us consider the contrary case relative to thick

films with adequately high permittivity, such that €5 < €i gzia. The Green func- 3

tion of Eq.(2.9) will take the following form in the w, < b region (see Egs.
(2.13a and (2.14))
4x @?

& (g*+ =) cof—}-ﬁng " . (2.30)

Dy (@, @) =

where the frequency, Qq, is ‘determined by Eq.(l.15a) and g ~ k .
Substituting Eq.(2.30) in Eg.(2.8), and assumlng that by analogy with Eq.
(2.15), An(wt) = A; when <7 ana An(wt) = -A when >4, where U is

the mean (effective) frequency of the virtual surface plasmons  { € Qg), we

obtain the following (compare’' with Eqs.(2.18) and (2.19)) /1605
m=ae B 2 SN P S f_@_] | (2.31)
Lo 4N\S‘§1 (&, +§)2+4§P‘nl L ° 2 '
P . .

: A T
. A= ] 2,32
0w MNX&W@+W+%W?2R (2.52)

. —bg. . . .

g '~ & o my
© [} * Aoco .__L.. 1° — t ———an ,

(An—_i—_An) 8 gy(g +§)2+43P,, ll - arctg E ]

—}ln A 5 "

PO ————_ e e o -

12, Laser "pumping!" can be used to create the non-equilibrium distribution
of electrons in the "faces', for example.

13. This question is in need of additional research.
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where

gi == /sz‘?/‘?m . E?eleaid.

(2.33)

Assuming that pnlf'ﬁi {(but that B >‘H§), the condition of solvability of Egs.
(2.31) and (2.32) provides us with an eguation for finding the critical tempera-

-

ture (compare with Eq.(2.20) | ~ «@[ ? IS '
. e n b 1,145Q -
% " by
where S S C e
0, = &/2N V& &, + 1) - (2.35)

As we see, T_ drops very rapidly (exponentially) with increase in the numbér
of filled subzones, N; that is, with increase in film thickness d‘(or in the
electron concentration, n ). . But even if N = 1, the numerical estimates show
that the critical temperature cannot exceed units of degrees Kelvin in this
case. .

In conclusion, it should be pointed out that in solid (macroscopic) quan-

1/3

tizing films with characteristic longitudinal dimension L » d 2 b; , and with
several filled subzones, the real critical temperature should be markediy lower
than T ,’calcuiated using Eq.(2.26), or Eq.(2.34). This is so because of the
logarlthmlc dlvergence of the 1ong-wave fluctuations in electron density in
infinite two-dimensional systems w1th collective branches of quasineutral acoustic
oscillations when q:* 0 (see {10, 11, 29, 301). But if the film consists of
individual. microscopic granules (blocks), the size of which is L 10—5——10—40m,
separated by dielectric barriers reflecting the acoustic plasma waves (such

that qminqﬁ T/L is not too small), but ”transparént” to Cooper pairs (the thick-

ness of the barrier is far and away less than the coherence length § ~ v /A)
the reductlon in Tc can be sllght 4, and the critical temperature of the supercon-
ducting junction in the "sandwich" can be substantial higher than in massive

superconductors.

14, The "Umklapp' processes between subzones, and the scattering of electrons
in the impurities (flaws) can assist in lessening the reduction in T .
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